1 System changes LBNL's short sample test facility has been substantially modified. Improvements involved the commissioning of a new system control and data acquisition system, a new magnet power supply, a new nano-volt meter and improved wiring. The data acquisition software was developed by Dr. B. ten Haken at the University of Twente, the Netherlands, and has gone through more than 15 years of development. Efforts were made to improve system performance with respect to accuracy, noise, ease of operation, consistent data storage and measurement. Voltage current characterizations and data reduction are now almost fully automated, yielding consistency, ease of operation and high sample throughput.
.
Measurement errors are effectively amplified on a double logarithmic plot through non-linearities that can arise from offset drift, sample heating, and current re-distribution and entrance effects (i.e. current sharing with the matrix in general). One can argue whether some non-linearities should be seen as a property of a wire, as opposed to probing solely the properties of the superconducting volume inside the wire. Usually, however, non-linearities in a double logarithmic plot can be traced back to a faulty measurement [3] . Two NbTi samples were characterized. Sample a was used to analyze and test the system, and optimize performance with respect to noise. Measurements are performed in DC mode, to prevent inductive voltage pickup and AC artifacts, creating a better defined characterization. The measured electric field as a function of sample current for both samples is depicted on a double logarithmic scale in Figure 1 . Two voltage tap pairs were used over a 5 turn and a 7 turn section (i.e. about 0.5 m and 0.7 m sample length respectively). The voltages from both pairs are plotted in Figure 1 . LBNL's data acquisition software uses a selectable electric field criterion since this is less ambiguous than a resistive criterion since the latter involves a choice with respect to the area to be used (e.g. total or non-Cu). A usual criterion for measurements on a barrel is 10 −5 V/m. Data are collected over one electric field decade above and below this criterion, thereby preventing the collection of irrelevant data far below the transition and thus saving time. This range was extended down for the transition at µ 0 H = 6 T for sample a, demonstrating a noise level of E ∼ = 10 −7 V/m, or about 50 nV.
Critical current results
Critical current is determined by fitting the measured electric field as function of current data to relation (1) (replacing J by I) over a selectable electric field range and calculating the intersect with the electric field criterion. Here, E(I) data that fall within a window E c /3 < E c < 3E c were fitted to (1) to calculate I c at E c = 10 −5 V/m. The resulting critical currents are summarized in Table 1 , together with the reference results from CERN [4] . The E(I) data are linear on a double logarithmic plot ( Figure 1 ) and thus follow (1). The critical current results, derived using an electric field criterion, can thus be translated to a resistive criterion through a combination of (1) with Ohm's law, yielding: where I ρ is the critical current at a resistive criterion ρ. These calculated critical currents at a criterion ρ = 10 −14 Ωm, using a wire diameter of 0.825 mm, are also given in Table 1 .
Temperature corrections
The Helium bath temperature during measurement of sample a was not recorded. LBNL's system is equipped with vapor cooled current leads. The Helium gas flow through these leads is typically adjusted to run at an overpressure of 0.15 to 0.2 psi. For now, the bath temperature is influenced by variations in atmospheric pressure. Improvements are planned to register the Helium bath temperature during all characterization runs. For sample b, the bath temperature was recorded using two calibrated Carbon Glass Resistor (CGR) thermometers positioned on the top (T top ) and bottom (T bot ) flange of the magnet. A readout at the start of the measuring session yielded T top = 4.231 K and T bot = 4.236 K. The sample temperature is taken as the average between these two measurements.
The CERN reference data are given at a temperature T = 4.222 K and the data for sample b are corrected for this small discrepancy in temperature. Ideally, the samples should be parameterized using well established scaling relations [5] but the required scaling parameters cannot be accurately determined due to the limited data range. Also, since the temperature error is small, a limited range -linear -correction will be sufficient [6] :
where:
Note that relation 4 implicitly assumes T c (0) = 9.2 K, µ 0 H c2 (0) = 14.5 T and H c2 (T )/H c2 (0) = 1 − (T /T c (0)) 1.7 . These re-normalized data are also given in Table 1 and the resulting I c (H) data for the 5 turn section are, together with the CERN reference data, plotted in Figure 2 . Corrections for self-field were considered, but these will always be subjective and only become relevant below µ 0 H 3 T. No self-field corrections were therefore applied on the results.
Discussion
When comparing the CERN reference data with LBNL's measurements (Table 1, Figure 2) , it is seen that the agreement is good, but not perfect. The CERN reference data has a standard deviation of 1.7 A at 8 T and 2.5 A at 5 T [4].
LBNL's results therefore fall within the standard deviation at 8 T, but just below the standard deviation at 5 T. LBNL's measurement at 5 T is, however, situated significantly above the lowest value reported in the CERN statistics, which is reported as 531.9 A.
It is interesting to note that LBNL's results show a slightly different slope in the I c (H) graph (Figure 2 ). Both magnetic field errors and current errors will cause a proportional shift in the I c (H) results and can thus be ruled out. From a measurement point of view, a slope change can arise either from a temperature error, or from a difference in critical current criterion (i.e. resistive versus an electric field criterion). From a physical point of view, such a slope change can arise from a difference in the effective pinning force and/or effective upper critical magnetic field. Since both LBNL's thermometers agree within 5 mK (which can be attributed to the Helium column above the bottom thermometer) and critical current criteria are used consistently, it is concluded that the most probably cause for the slope difference is slight differences in wire physical properties.
